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(54) Rotating electrical machine with permanent magnet inserts 



(57) In one embodiment of the present invention, a 
rotor (10) for an electrical machine comprises a first pole 
piece (12) and a second pole piece (14) together defin- 
ing an axis of rotation of the rotor, each pole piece 
(12,14) comprising a generally disc-shaped body (16) 
having a circumference. Each pole piece further has a 



plurality of angularly-spaced pole fingers (1 8) extending 
axialty from the circumference of the body of the pole 
piece. The rotor additionally includes a plurality of per- 
manent magnets (34), each permanent magnet affixed 
to a body (16) of a pole piece between two pole fingers 
of the pole piece. 
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(54) Rotating electrical machine with permanent magnet inserts 



(57) In one embodiment of the present invention, a 
rotor (10) for an electrical machine comprises a first pole 
piece (1 2) and a second pole piece (14) together defin- 
ing an axis of rotation of the rotor, each pole piece 
(12,14) comprising a generally disc-shaped body (16) 
having a circumference. Each pole piece further has a 



plurality of angularly-spaced pole fingers (1 8) extending 
axially from the circumference of the body of the pole 
piece. The rotor additionally includes a plurality of per- 
manent magnets (34), each permanent magnet affixed 
to a body (16) of a pole piece between two pole fingers 
of the pole piece. 
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D scriptl n 

The present invention relates to electrical ma- 
chines. 

Lundell or "claw pole" alternators are well-known, 
for example as electrical generators for motor vehicles. 
Such machines have very attractive attributes such as 
low cost and a mature design. However, with the ever- 
increasing electrical accessory content on motor vehi- 
cles, the need for greater electrical generating capacity 
is needed. 

Certainly, one option is to use larger and larger Lun- 
dell alternators. However, the generally reducing size of 
vehicles makes packaging larger and larger alternators 
difficult. Thus, an alternator with a higher power density 
(that is, more power output per unit volume of the ma- 
chine) than a conventional Lundell alternator can prove 
advantageous. 

However, as was mentioned above, Lundell alter- 
nators themselves have considerable advantages. 
Thus, an electrical machine design which preserves the 
advantages of a conventional Lundell machine while in- 
creasing its power density will provide advantages over 
alternative designs. Increasing the power density of the 
Lundell machine without abandoning the basic Lundell 
design can certainly help preserve the cost advantages 
of a Lundell machine. Also, using a modification of the 
basic Lundell design can allow the wealth of design and 
manufacturing expertise which has been developed in 
connection with Lundell machines to continue to be 
us d. 

Therefore, an electrical machine design which can 
provide higher power density within the general param- 
eters of Lundell machine design can provide advantag- 
es over the prior art. 

The present invention provides a rotor for an elec- 
trical machine. The rotor comprises a first pole piece and 
a second pole piece together defining an axis of rotation 
of the rotor, each pole piece comprising a generally disc- 
shaped body having a circumference, each pole piece 
further having a plurality of angularly -spaced pole fin- 
gers extending axially from the circumference of the 
body of the pole piece. The rotor additionally includes a 
plurality of permanent magnets, each permanent mag- 
net affixed to a body of a pole piece between two pole 
fingers of the pole piece. 

The present invention further provides a method for 
manufacturing a rotor for an electrical machine, the rotor 
comprising a first pole piece and a second pole piece 
together defining an axis of rotation of the rotor, each 
pole piece comprising a generally disc-shaped body 
having a circumference, each pole piece further com- 
prising a plurality of angularly-spaced pole fingers ex- 
tending axially from the circumference of the body of the 
pole piece, each body of each pole piece f urth r defining 
a plurality of radially -outwardly-opening recesses be- 
tween adjacent pole fingers of th pole piece. The meth- 
od comprises affixing permanent magnets into at least 



some of the recesses. 

In some embodiments, the present invention facili- 
tates the use of generally-conventional Lundell machine 
technology, but with considerably increased power out- 

5 put per unit volume of the machine. In doing so, th 
present invention provides significant advantages over 
alternative designs. 

The invention will now be described, by way of x- 
ample, with reference to the accompanying drawings, 

10 in which: 

Figure 1 is an exploded view of a rotor 10 for an 
electrical machine, the rotor 10 including perma- 
nent magnet inserts 34; 

is Figure 2 is an end view of rotor 1 0 of Figure 1 ; 
Figure 3 is a side view of rotor 10 of Figure 1 ; 
Figure 4 is a side view of a rotor 10' according to a 
second embodiment of the present invention, 
where bands 50 and 52 help retain permanent mag- 

20 nets 34; and 

Figure 5 is an end view of rotor 10' of Figure 4. 

Referring first to Figure 1 , relevant portions of a ro- 
tor 10 for an electrical machine such as a motor vehicle 

25 alternator are illustrated. The rotor includes a first pole 
piece 12 and a second pole piece 14. Each pole piece 
includes a generally disc-shaped body 16. Each pole 
piece further comprises a plurality of pole fingers 18 
which are angularly disposed about a circumference of 

30 their respective pole piece 12 or 14 and which extend 
axially from the body 16 of the pole piece. 

Pole pieces 12 and 14 are mounted on a shaft 20 
and along with shaft 20 define an axis of rotation of rotor 
1 0. Rotor 1 0 further comprises a field coil 28 which itself 

35 comprises a bobbin 30 and wire 32. Field coil 28 is 
mounted within first pole piece 1 2 and second pole piec 
1 4 for rotation therewith. Those skilled in the art will r c- 
ognise rotor 10 as being generally of the "Lundell" or 
"claw pole" configuration. 

^0 Additionally shown mounted on pole piece 14 are a 
plurality of permanent magnets 34. Each permanent 
magnet 34 is mounted between two pole fingers 1 8 with- 
in the radially-outwardly-opening recess 36 betwe n 
each pair of pole fingers 18. Although omitted in Figure 

45 1 for clarity in showing the structure of pole piece 12, 
permanent magnets are also similarly provided between 
pole fingers 18 of pole piece 12. 

Refer now additionally to Figures 2 and 3. Figure 2 
is an end view of rotor 10 and Figure 3 is a side view of 

so rotor 10. Assume that pole piece 14 is the pole piece 
whose pole fingers 1 8 are magnetised as north poles by 
energization of field coil 28. The permanent magnets 34 
affixed to pole piece 1 4 are preferably magnetised such 
that their radially-outward portions have south magnetic 

55 polarity and their radially-inward portions have north 
magnetic polarity. 

On the other hand, for permanent magnets 34 
mounted to pole piece 1 2, those permanent magnets 34 
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will each have a radially-outward portion preferably hav- 
ing north polarity and a radially-inward portion prefera- 
bly having south polarity. Pole fingers 18 of pole piece 
1 2 will be magnetised as south poles by the energization 
of field coil 28. Note that in Figures 2 and 3, north and 
south magnetic poles ar designated by "N" and "S", 
respectively. 

It has been demonstrated that a rotor 10 including 
permanent magnets 34 as described in this embodiment 
of the present invention has a considerably higher pow- 
er output than a conventional "Lundell" rotor of other- 
wise comparable physical size and design. It is believed 
that this performance is very largely due to the unique 
mounting locations of permanent magnets 34. The mag- 
netic flux of permanent magnets 34 directly links with 
th stator (not shown) of the machine, without signifi- 
cantly going through the bodies of pole pieces 12 and 
1 4. Thus, magnetic saturation of the bodies of pole piec- 
es 12 and 14 due to the flux from field coil 28 does not 
appreciably degrade the ability of permanent magnets 
34 to add to the flux linking the stator of the machine. 
Thus, the power output of the machine is increased with- 
out increasing the machine's physical size. 

Permanent magnets 34 can be mounted to pole 
pieces 12 and 14 with, for example, adhesive. 

Alternatively or additionally, permanent magnets 34 
can be mounted to pole pieces 12 and 14 by one or 
bands mounted about the circumference of rotor 10. 
This alternative is illustrated with reference to Figures 4 
and 5. In the embodiment illustrated there, two bands 
50 and 52 are placed about the circumference of rotor 
1 0'. These bands 50 and 52 help retain permanent mag- 
nets 34, preventing radially-outward movement of per- 
manent magnets 34. 

Bands 50 and 52 are preferably non-magnetic and 
can be made of, for example, stainless steel, aluminium, 
or a composite material comprising carbon fibre (or sim- 
ilar material) and polymer resin. If bands 50 and 52 are 
made of metal, they can be first heated to cause them 
to circumferentially expand. Once they have expanded, 
they can be slipped onto rotor 10\ When bands 50 and 
52 then cool, they will have a very secure fit to rotor 10'. 
If bands 50 and 52 are of a composite material, they 
can, for example, be wound directly onto rotor 10*. 

Pole pieces 1 2 and 1 4 are preferably reduced in ra- 
dius (by, for example, machining) in the two areas where 
bands 50 and 52 are affixed. This reduction in radius will 
allow the radially-outward surface of bands 50 and 52 
to be flush with the radially-outward surfaces of pole fin- 
gers 18. Thus, the air gap between the radially-outward 
surfaces of pole fingers 1 8 and the stator of the electrical 
machine containing rotor 10' will not be increased by the 
addition of bands 50 and 52. 

Further, bands 50 and 52 are preferably no thicker 
than needed to provide the strength to carry out their 
function described herein. Given that in the preferred 
design, portions of pole pieces 12 and 14 are reduced 
in radius where bands 50 and 52 are attached, this re- 



duction in radius can tend to somewhat reduce the flux 
between rotor 10 and the stator (not shown) of the ma- 
chine. That is, the air gap between rotor 10 and the sta- 
tor is increased at the locations where bands 50 and 52 
are attached. Minimising the thickness of bands 50 and 
52 decreases the r duction in radius of pole pieces 12 
and 14 where bands 50 and 52 are mounted. 
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io Claims 



1 . A rotor for an electrical machine, said rotor compris- 
ing: 

a first pole piece (12) and a second pole piece 
(14) together defining an axis of rotation of said 
rotor, each said pole piece comprising a gener- 
ally disc-shaped body (16) having a circumfer- 
ence, each said pole piece further having a plu- 
rality of angularly-spaced pole fingers (18) ex- 
tending axially from said circumference of said 
body of said pole piece; and 
a plurality of permanent magnets (34), each 
permanent magnet affixed to a body (16) of a 
said pole piece between two said pole fingers 
of said pole piece 

2. A rotor for an electrical machine as claimed in Claim 

1 , wherein each said permanent magnet is affixed - 
between exactly two said pole fingers of a said pole 
piece. 

3. A rotor for an elect real machine as claimed in Claim 
1 , wherein: 

each said body of each said pole piece defines 
a plurality of radialry-outwardly-opening re- 
cesses between adjacent pole fingers of said 
pole piece and 

each said permanent magnet is located within 
one of said recesses 

4. A rotor for an electrical machine as claimed in Claim 
3, wherein each said permanent magnet has a ra- 
dially-inward portion and a radially-outward portion, 
said radially-nward portion and said radially-out- 
ward portion having opposite magnetic polarities. 

5. A rotor for an electrical machine as claimed in any 
one of the preceding Claims wherein each said per- 
manent magnet is aff ixed to a said body with adhe- 
sive or by one or more bands located about a cir- 
cumference of said rotor 
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£5 6. A rotor for an electrical machine as claimed in Claim 
5, wherein said one or more bands are made of a 
non-magnetic material. 
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7. A rotor for an electrical machine as claimed in Claim 
6, wherein said non-magnetic material is stainless 
steel is aluminium or is a composite comprising car- 
bon fibre or polymer resin. 

5 

8. A method for manufacturing a rotor for an electrical 
machine, said rotor comprising a first pole piece and 
a second pole piece together defining an axis of ro- 
tation of said rotor, each said pole piece comprising 

a generally disc-shaped body having a circumfer- 10 
ence, each said pole piece further comprising a plu- 
rality of angularly-spaced pole fingers extending ax- 
ially from said circumference of said body of said 
pole piece, each said body of each said pole piece 
further defining a plurality of radially-outwardly- is 
opening recesses between adjacent pole fingers of 
said pole piece, said method comprising: 

affixing permanent magnets into at least 
some of said recesses. 

20 

9. A method as claimed in Claim 8, further comprising 
affixing one or more bands about a circumference 
of said rotor, said bands located to prevent radially- 
outward movement of said permanent magnets. 

25 

10. A method as claimed in Claim 9, further comprising 
heating said one or more bands to cause circumfer- 
ential expansion prior to affixing said bands about 
the circumference of said rotor. 

30 
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